Introduction {#Sec1}
============

Continuous subcutaneous insulin infusion (CSII) with continuous glucose monitoring (CGM) is one of the treatment options for type 1 diabetes (T1D) patients and can improve glucose control with fewer hypoglycemic events, decreased glycemic variability and improved quality of life. Technologic developments in diabetes have resulted in a substantial rise in the use of insulin pumps around the world.

Both academia and industry are currently developing artificial pancreas systems and closed-loop insulin delivery (CL) systems. The system uses a control algorithm to automatically increase, decrease or suspend insulin delivery using subcutaneous glucose sensor data to improve glucose control without increased exposure to hypoglycemia and to lessen the burden of diabetes management. One of the advantages of CL systems is the reduction in overall time spent in the hypoglycemic range. Automating the delivery of insulin in wearable systems combines three functions: continuous glucose monitoring, insulin delivery and control of insulin using specific algorithms.

Most of the CL systems under development are hybrid closed-loop (HCL) systems \[[@CR1]\] where the patient is still required to estimate meal carbohydrate intake and confirm the recommended bolus insulin dose based on the bolus wizard setting. One of the available HCL systems is the Minimed 670G (Medtronic, Dublin, Ireland). When the HCL system is in "auto mode \[[@CR2]\]," basal insulin delivery is adjusted by the subcutaneous glucose (SG) sensor every 5 min. Several studies reported that HCL systems \[[@CR3], [@CR4]\] could be used safely by adolescents and adults with type 1 diabetes in an outpatient setting, with no episodes of severe hypoglycemia or diabetic ketoacidosis. To date, the Minimed 670G HCL system is only used clinically in the USA.

In this case report, we present the optimization of the HCL system in a T1D patient in the first 3 months of using the Minimed 670G. To the best of our knowledge, this is the first patient with the HCL system to be reported in Qatar and the Middle East.

Case Presentation {#Sec2}
=================

An 11-year-old female with a 7-year T1D history started using the Minimed 670G HCL system at our center. The patient had been using a Medtronic Veo insulin pump without a sensor for almost 4 years. HbA1c levels were between 7.8% and 10.2% (last year), with no evidence of diabetic ketoacidosis or severe hypoglycemic events. Follow-up appointments were kept with a diabetologist, diabetes educator and registered dietitian on a regular 2--4-month basis.

All procedures performed in the study involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki Declaration and its later amendments or comparable ethical standards. Informed assent and consent were obtained from the patient and her caregiver.

Diabetes management on the Medtronic Veo insulin pump before transition showed the following results: HbA1c level 7.6% (measured by Siemens DCA Vantage, Siemens AG, Munich, Germany); blood glucose (BG) values 198 ± 118 mg/dl; total daily insulin (TDI) 25.4 ± 3.1 units; basal ratio 45%; total carbohydrate level 183 ± 50 g/day; regular bolus wizard use (as shown in Fig. [1](#Fig1){ref-type="fig"}).Fig. 1The 24-h glucose profile on different CSII systems. Overall glucose control was improved (as shown in Fig. [2](#Fig2){ref-type="fig"}), where time in range (70--180 mg/dl) increased from 46% on the Minimed Veo Pump to 77%, and the HbA1c level significantly decreased from 7.6% to 6.3% (both measured by Siemens DCA Vantage) in the following 3 months. **a** Minimed Veo without sensor; **b** minimed 670G HCL system in the 1st week; **c** minimed 670G HCL system after 3 months. BG values, SG values and daily carbohydrates are expressed as mean ± standard deviation unless otherwise indicated Fig. 2Glucose and insulin statistics on different CSII systems. **a** Minimed Veo without sensor; **b** minimed 670G HCL system in the 1st week; **c** Minimed 670G HCL system after 3 months. BG graph: filled circle, BG reading; triangles, off chart; filled diamond, average within target range; diamond with white circle, average outside target range. SG graph: percentile comparison: filled square, 25--75%; open square, 0--90%; dotted line, average

CSII characteristics prior to the upgrade were as follows: five basal rates with an average of 0.425 (minimum 0.400; maximum 0.525) units/h; insulin-to-carbohydrate ratio (ICHR) 15 g; insulin sensitivity factor (ISF) 120 mg/dl; target range 90--120 mg/dl; active insulin time 4 h.

Both the patient's family and health care team agreed to upgrade to the Minimed 670G HCL system because of the huge glucose variability (BG 198 ± 118 mg/dl) and to improve overall glucose control, improve quality of life and lessen the diabetes burden.

Technical education on the HCL system with re-education on diabetes was performed in 5 h (three consequent sessions) in outpatient settings where the focus was on the CGM, calibration and auto mode function.

CSII characteristics from the Minimed Veo pump were used as the initial setting in the HCL system. Follow-up contacts were on a 1-week basis in the 1st month and a 2-week period in the following 2 months. Most of the visits (75%) were performed remotely using the phone, email or what's app, where the patient uploaded the HCL system at home and was asked to make changes according to the physician's advice.

Due to high post-prandial spikes, the ICHR was changed from 15 to 12 g in the 1st month, with an additional 12--10 g in the morning period (6 a.m. to 12 a.m.). The active insulin time was decreased from 4 to 3 h.

Due to prolonged hyperglycemic spikes after bolus correction (BG \> 200 mg/dl), ISF was significantly decreased from 120 to 90 mg/dl with no change in the target range. We did not find a significant difference (as shown in Fig. [1](#Fig1){ref-type="fig"}) in the TDI dose (25.4 ± 3.1 vs. 27 ± 1.8 units), basal ratio (45% basal vs. 44% auto basal/basal amount) and total carbohydrate intake (176 ± 24 vs. 184 ± 36) per day. No diabetic ketoacidosis or severe hypoglycemic events were noted.

We achieved average SG values of 139 ± 60 mg/dl, sensor wear of 82% and auto mode period of 84% after 3 months (as shown in Fig. [1](#Fig1){ref-type="fig"}).

Discussion and Conclusion {#Sec3}
=========================

Despite certain limitations, we have provided a general overview of the transition from conventional CSII to an HCL system and optimization of therapy in a T1D patient using the Minimed 670G at our institution. The teamwork of physicians, diabetes educators, dietitians and nurses achieved the main objective of improving the glucose control in our patient. Technical education was performed in the outpatient settings, and most of the follow-up contacts were remotely obtained, which allowed smooth transition to the HCL system.

The HbA1c level decreased by − 1.3%, and time in range significantly increased to 77% with SG values of 139 ± 60 mg/dl. Possible reasons for improved glucose control were frequent contacts, patient motivation and diabetes team motivation. A recent meta-analysis \[[@CR5]\] reported that current HCL systems should achieve at least 70% of sensor glucose values between 70 and 180 mg/dl, with \< 4% of values \< 70 mg/dl and an SG average of 155 mg/dl, equivalent to an estimated HbA1c of 7.0%. Our patient achieved these metrics in a period of 3 months. One of the limitations of evaluating the time in range in this case report was having no CGM data on the previous insulin pump. However, the CGM data in the 1st week after the transition to the HCL system with the same settings can be considered a point for evaluation. The recent studies on HCL systems \[[@CR3], [@CR4]\] have also reported clinically important reductions in HbA1c levels and increases in the time in-target range while reducing the time below and above target levels.

We used the current settings from the Medtronic Veo pump while transitioning to the Minimed 670G, which directed us to adjust the bolus wizard settings (ICHR, ISF and active insulin time) several times to improve glucose control. Frequent contacts and a systematic approach to downloaded CSII data allowed us to fine-tune the CSII settings. Health care providers should anticipate immediate ICHR and active insulin time adjustments in young patients\' transition from the conventional CSII to an HCL system.

We did not find any episode of severe hypoglycemia or diabetic ketoacidosis, which was also reported in a recent study \[[@CR4]\].

Different CGM modalities (retrospective, real-time or flash monitoring) can be beneficial for improving the glucose control and increasing time in range in T1D patients. The ability of the integrated system to automatically and safely increase, decrease and suspend basal insulin delivery represents an important advance in T1D therapy for individuals with diabetes, their families and health care teams. We believe the HCL system could be a transformative therapeutic option for T1D patients and their families.

Health care providers should consider immediate adjustment of the bolus wizard settings such as ICHR, ISF and active insulin time when switching from a conventional insulin pump to an HCL system. The HCL system with its features and good collaboration between health care staff and the patient and his/her caregiver can improve overall glucose control with increased time in range of sensor glucose values and reduction of HbA1c levels in T1D patients.
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